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§ 1 9. H- Beam Steeri ng Experi ment by 
Displacement of Exit of Extraction Grid 
Aperture 
Hamabe, M., Takeiri, Y., Ikeda, K., Oka, Y., Osakabe, 
M., Tsumori, K., Asano, E., Kawamoto, T., 
Akiyama, R., Kaneko, O. 
Electrons are extracted simultaneously with negative 
hydrogen ions from the volume ion source. Suppression of 
these electrons is one of serious problems in developing 
more efficient N-NBI system. Following method is 
usually adopted for electron suppression; permanent 
magnets are inserted in the extraction grid to steer electron 
orbit, and extraction grid apertures are shaped so as to 
prevent electrons flowing downward. However, a strong 
magnetic field for electron suppression also causes 
dispersion of H- beam orbit, even though it is smaller than 
the case of electrons . We attempt to correct the H - beam 
axis dispersion by the displacement of the mechanical axis 
of the exit part of the extraction grid (Fig. 1), and also to 
adjust the correction value by exchanging the exit part of 
the extraction grid, which can be separated from the 
extraction grid itself, to the one with different 
displacement value. 
The l/3-scaled ion source is used for this experiment 
and its extraction system is designed as the similar scale 
as LHD-NBI ion source to easily reflect on LHD-NBI 
design. The ground grid apertures have displacement to 
. focus the beamlets at the position of 13 m downstream. 
Not only the displacement of the axis of the exit of the 
extraction grid aperture, but also that of the axis of the 
ground grid aperture is examined. 
Figure 2 compares the steering effect of the 
displacement of the extraction grid exit bEG and that of the 
ground grid bGG at the same beam energy. It is obvious 
that variation of bEG ( at bGG = 0.0 mm fixed) leads to 
more effective beam steering than that of bGG (at bEG = 1.2 
mm and bEG = 1.5 mm). 
Figure 3 shows the beam energy dependence of H-
beam dispersion angle in case that there is no 
displacement in ground grid axis. Dispersion angle almost 
linearly reduces in this energy range. Especially in the 
case of 1.2 mm displacement of the extraction grid exit, 
zero dispersion angle is expected around 180 ke V, which 
is designed energy in LHD-NBI, by extrapolating the 
characteristics. These results show that only the axis 
displacement of the exit of the extraction grid aperture 
efficiently enable to steer and correct the H - beam 
dispersion by the electron suppression magnetic field in 
the extraction grid at the designed energy range for LHD-
140 
NBI. 
From these results, it can be proposed that focusing 
of beam lets extracted from multi-apertures is designed by 
the displacement of the ground grid axis alone, and that 
the beam dispersion by the magnetic field for electron 
suppression is corrected and only by the displacement of 
the axis of the separated extraction grid exit. 
Fig. 1 A schematic diagram of the extraction system and 
H- beam orbit. 
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Fig. 2 Displacement value dependence of beam steering 
angle \jI . 
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Fig. 3 Beam energy dependence of beam steering angle "IV. 
